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S4) Production of bovine caif chvmosin. 

@ A replicable piasmidic expression vehicle for expi 
of a polypeptide which is capable of undergoing autocataiy- 
tic cleavage to produce chvmosin is disclosed. The express- 
ion vehicle contains a regulatory region which directs 
expression, in a host microorganism of the trp8 gene or the 
giyA gene, and a DNA sequence, operably linked to the 
regulatory region, comprising a sequence which encodes an 
N-terminai fragment of the 3 subunit of tryptophan synth- 
etase or an N-terminal fragment of serine hydroxymetnyl- 
transferase fused to the amino acid sequence of actfvatable 
prochymosin. Novel polypeptides, which are expressed by 
transforments containing the expression vehicles, are also 
disclosed. 
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PRODUCTION OF BOVINE CALF CHYMOSIN 



Chymosin (also known as rennin (EC 3.2.23.4) is a 
proteolytic enzyme that is abundant in the digestive tract 
of unweaned preruminant species. Chymosin is secreted as a 
zymogen, prochymosin, which is a single polypeptide chain 
containing 365 amino acids (40,700 daltons). Prochymosin 
is converted to chymosin by the specific removal of 42 N- 
terminal amino acids through a pH-dependent, autocatalytic 
reaction. 

Bovine calf chymosin exists as two isozymes (desig- 
nated A and B } , which can be resolved by DEAE-cellulose 
chromatography of the crystalline enzyme. Isozyme 3 f which 
may be catalyrically less efficient than isozyme A, is also 
the more abundant form in tissue extracts. Bovine calf 
chymosin isozyme 3 has been sequenced, and isozyme A has 
been partially sequenced, to reveal only one amino acid 
difference at residue 290 (glycine in B and aspartic acid 
in A) (see Foltaann, B. et al., Biol, Chen, , 254:3447- 
8456 [1976]]. # 

* Bovine calf chymosin (mixture of isozymes) has been 
used for centuries in the manufacture of cheese. However, 
since World War II, a shortage of calf chymosin has devel- 
oped, largely as a result of a decline in veal consump- 
tion. Accordingly, the chymosin obtained from aboraasal 
tissue (rennet) of unweaned calves has steadily been 
replaced by other enzymes of animal and microbial origin 
none of which possess the optimal characteristics of the 
calf enzyme, particularly i*n cheese maJcing. 

As a result of this shortage, bovine calf chymosin has 
become a crime candidate for biosynthesis in transformed 
microorganisms produced by the techniques of DNA reccmbina— 
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tion. A cBNA sequence encoding bovine calf prochymosin, 
which was produced by reverse transcription from an mRNA 
preparation from the mucosal lining of the fourth stomachs 
of milk-fed calves, has been isolated and cloned. 

The expression of DNA sequences encoding mammalian 
proteins in bacteria, under the control of regulatory 
sequences which normally direct the production of bacterial 
proteins, has been possible for several years. Unfortun- 
ately, some mammalian proteins have been difficult to 
express under the direct control of a bacterial protein 
regulatory sequence, either because the mammalian protein 
thus produced is quiclcly degraded within the bacterial 
environment or because the mammalian protein is only 
capable of very low levels of expression under the control 
of the bacterial regulatory sequence. Consequently, many 
mammalian proteins are expressed in the form of fusion 
proteins; that is, the DNA seq~uence encoding the amino acid 
sequence of the desired protein is joined, at the end cor- 
responding to the N- terminus of the protein, to a DNA 
sequence encoding all or a portion of the bacterial protein 
which is normally under the control of the bacterial regu- 
latory sequence. The fused bacterial/mammalian protein is 
efficiently expressed to produce a stable protein. 

In the case of relatively small proteins such as 
insulin cr polypeptide hormones, chemical cleavage of the 
fusion prccuct to yield the desired protein is possible. 
With larger proteins, however, chemical cleavage of the 
fusion prccuct is often accompanied by internal cleavage of 
the desired protein. 

Recently, the production of chymosin by expression of 
a fusion protein in coli was attempted. A fusion pro- 
tein was expressed in coli which contained almost all of 
the prochynosin sequence joined to a short N-terminal por- 
tion of coli ^-galactosidase (Nishimori, K. et al., 
Gene, 19, 337 [1982]). The paper does not demonstrate 
activation of the fusion protein. 
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It is an object of the present invention to provide a 
method of expressing prochymosin at high levels of expres- 
sion in a transf ormant microorganism, the expressed prochy- ' 
mosin having the ability to -.undergo autocatalytic conver- 
sion to chymosin. 

It is another object of the invention to provide 
expression vectors and transf ormant microorganisms capable 
of high level production of prochymosin which is capable of 
undergoing autocatalytic conversion to chymosin. 

It is yet another object.^of the invention to provide a 
method for efficiently producing chymosin using transform- 
ant microorganisms. 



In accordance with the present invention, there is 
provided a replicable expression vehicle, preferably a 
plasmid, for expressing a polype tide, which polypeptide is 
capable of undergoing autocatalytic cleavage to chymosin, 
comprising (a) a replicon; (b) a regulatory region corres- 
ponding to a regulatory region which directs expression, in 
a host microorganism, of a gene selected from the trpB gene 
and the glyA gene; and (c) a DNA sequence, operably linked 
to said regulatory region, comprising a sequence which 
encodes the amino acid , sequence of an N-terminal fragment 
of a polypeptide selected from the Ji subunit of tryptophan 
synthetase (hereafter referred to as the "Jj subunit* ) and 
serine hycroxymethyltransf erase , fused to the amino acid 
sequence of activa table prochymosin. When the regulatory 
region is one which controls the expression of* the trpB 
gene, then the N-terminal fragment encoded by the DNA 
sequence which is operably linked thereto is an N-terminal 
fragment of the subunit (i.e., the expression product of 
the tr?B gene).*- Conversely, when the regulatory region is 
one which controls the expression of the clyA gene, then 
the N-teminal fragment which is operably linked thereto is 
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an N-terminal fragment of serine hydroxymethyltransf erase 
{i.e., the expression product of the glyA gene) . 

As used herein, the term "activatahle prochymosin" 
refers to a polypeptide comprising the amino acid sequence 
of chymosin and at least a sufficient portion of the pre- 
sequence of prochymosin such that the polypeptide is 
capable of undergoing autocatalytic coversion to chymosin. 

We have found that the fusion protein which is 
expressed in a microorganism transformed with this expres- 
sion vehicle is capable of undergoing autocatalytic cleav- 
age to produce chymosin. The ability of the fusion protein 
to self-activate was somewhat surprising, since one might 
have expected the fusion to interfere with self- 
processing. 

In one embodiment of the invention, a vector contain- 
ing the trpB DNA sequence, encoding the amino acid sequence 
of the^p subunit, operably linked to a regulatory sequence 
which directs expression of the tr?B gene cn a plasmid in 
the host microorganism, is cleaved at a first endonuclease 
restriction site within the sequence comprising the trpB 
gene and a synthetic oligodeoxynucleotide linker sequence 
is inserted into the cleavage site. The vector is then 
cleaved at a second endonuclease restriction site within 
the troB gene sequence located downstream from the 
synthetic linker and a DNA sequence encoding the amino acid' 
sequence of activatable prochymosin is inserted into the 
second cleavage site. The synthetic linker sequence is 
constructed so that it serves to keep the reading frame of 
the deoxynucleotides encoding prochymosin in phase with the 
reading frame established at the beginning of the trpB 
gene. The expression vehicle which is orccuced in this 
manner is used to transform a host microorganism. The 
microorganism is then grown up and subjected to conditions 
under which the encoded polypeptide is expressed. 
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The polypeptide which is expressed in this embodiment 
is a novel polypeptide comprising a first sequence of amino 
acid residues having the amino acid sequence of an N- 
terrainai fragment of the ^> subunit; a second sequence of 

5 amino acid residues having the amino acid sequence of 

activa table prochymosin; and a linker sequence which serves 
to fuse the first and second sequences at the carboxy 
terminus of the first sequence and the N-terminus of the 
second sequence. This polypeptide is capable of undergoing 

1° autocatalytic cleavage to produce chymosin. 

The invention will new Be described with reference 
to the accompanying drawings, in which; 

Figure 1 represents a construction of plasmid pGx2213, 
15 which was modified to produce the replicable plasmid ic 
expression vehicle of the invention. 

Figure 2 represents the DNA. sequence of the 5 1 end of 
the prochymosin coding region in plasmid pGx344, which was 
a source of ENA encoding the amino acid sequence of*prochy— 
20 mcsin employed to produce a replicable plasmidic expression 
vehicle of the invention. 

Figure 2 represents the amino acid sequence of the 
N-terminai fragment of the J£> subunit which was incorporated 
into a fusion protein of the invention, as well as its 
25 associated DNA sequence, which is represented in its proper 
reading frame. The last 17 bases include the restriction 
sites for insertion of the synthetic oligodecxynucleotide 
linker sequence and the sequence encoding activatable 
prochymosin. 

30 Figure 4 represents a modified segment of the trpB DNA 

sequence, after insertion of the synthetic olicodeoxynucle- 
otide linker sequence, as well as the encoded amino acids. 

Figure 5 represents the DNA sequence, as well as its 
associated amino acid sequence, at the fusion point of the 

35 trpB sequence and the prochymosin coding region in plasmid 
pGx2231. 
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Figure 6 represents a construction of the plasmid 
pGX2229 which was produced by insertion of the synthetic 
oligodeoxynucleotide linker sequence into pGX2223 (a close 
analog of pGx2213). 

Figure 7 represents a construction of a repiicable 
plasmid ic expression vehicle of the invention, 
pGx2231. 



The polypeptides of the invention can be produced by 
expression, in a transformed microorganism, of a repiicable 
expression vehicle which is produced by tfie modification of 
a vector containing a tr?B DNA' sequence, which encodes 
the amino acid sequence of the ^ subunit^ operabiy linked 
to a regulatory region which is. capable of directing the 
expression of the trpB DNA. Alternatively , the polypep- 
tides can be produced by expression, in a transformed 
microorganism, of a replicabie^expression vehicle which is 
produced by the modification of a vector containing a" glyA 
DNA sequence, which .encodes the amino acid sequence of 
serine hydroxymethyl transferase (SHMT), operabiy linked to 
a regulatory region which is capable of directing the 
expression of the glyA sequence. Suitable vectors include 
plasmics and phages, with plasmids being preferred. The 
criteria for selecting an expression vector include its 
size, location of expression control sequences with respect 
to the trpB or civ A sequence, and location and types of 
restriction endonuclease sites. With respect to size, the 
vector is preferably relatively small so as not to divert 
large amounts of cellular nutrients and energy to the pro- 
duction of unwanted macromolecules. Purification of the 
final product is also simplified, since a relatively small 
vector is unlikely to produce significant quantities of 
unwanted polypeptides which must be removed from the - final 
product. Preferably, the vector is one which is capable of 
producing at least 10% of the total cell protein as the 
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desired expression product. The vector must contain intact 
expression control sequences which remain functional after 
the insertion of the prochymosin DNA and which are located 
upstream of the trpB or clyA DNA sequence. It is preferred 
that the vector contain a unique restriction endonuclease 
site upstream from the expression control sequences. 

An expression vector which meets all of these require- 
ments is the plasmid pGx2213 (Fig. 1). An E. coli strain 
(GxlS63) transformed by this plasmid has been deposited 
with the American Type Culture Collection in Rockville, 
Maryland as ATCC 39388. The plasmid is relatively small/ 
6456 base pairs. It carries the trpB DNA sequence, 
contains intact expression control signals (a tr?/lac 
hybrid promoter, tac promoter) just upstream of the trpB 
DNA sequence, and contains a unique Bel I restriction site 
located just upstream of the expression centre! signals. 
The plasmid also contains the .trp& DNA sequence located 
immediately downstream from the trpB sequence , but contains 
none of the other genes of the ^tryptophan cpercn. Other 
expression vectors containing the trpB DNA sequence may 
also be employed in 'the practice of the invention. 

The DNA sequence encoding the amino acid sequence of 
activatabie prochymosin, which is inserted into the previ- 
ously described vector, can be obtained from any convenient 
source. For example, it may be isolated directly from 
cleaved chromosomal DNA, in which case it is desirable to 
remove any introns from the DNA sequence to obtain a gene 
that is capable of functioning properly in a host micro- 
organism such as coli . It may also be obtained by- 
reverse transcription from mRNA enriched for the presence 
of prochymosin message. 

The DNA sequence encoding the amino acid sequence of 
activatabie prochymosin comprises a sequence encoding the 
amino acids of mature chymosin and at least a sufficient 
amount of the presequence such that the activatabie prochy- 
mosin is capable of undergoing autocatalytic cleavage to 
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produce chymosin. We have found that the nucleotide trip- 
lets encoding the two N-terminal amino acids of the pre- 
sequence can be deleted with no deleterious effect, whereas 
deletion of the nucleotide triplets encoding the 28 
N-terminal amino acids produces prochymosin which is only 
marginally capable of autocatalytic cleavage to produce 
active chymosin. We prefer to have no more than about 15 
N-terminal nucleotide triplets deleted from the pre- 
sequence , most preferably no more than six N-terminal trip- 
lets. If desired, the DNA sequence encoding the amino acid 
sequence of activa table prochymosin can include the entire 
sequence encoding prochymosin plus any portion of the 
sequence which encodes the signal peptide * normally associ- 
ated with the expression of prochymosin. The signal pep- 
tide, which precedes the 42 amino acid presequence, is a 
sequence of amino acids which is probably involved in 
transport of the protein through the cell membrane during 
secretion. - 

Preferably, the DNA sequence encoding activatable 
prochymosin is obtained from a cloning vector. The cloning 
vector is preferably a plasmid containing a unique restric- 
tion enconuclease site at the 5' end of the prochymosin 
sequence and a second unique restriction site located, out- 
side of and downstream from the prochymosin sequence. A 
suitable vector meeting these criteria is the plasmid 
pGx344. Fig. 2 depicts the 5 % end of the sequence encoding 
prochymosin in pGx344. coli cells (strain S3101) trans- 

formed with this plasmid have been deposited with the 
American Type Culture Collection in RocJcville, Maryland as 
ATCC 39389. This plasmid contains the DNA sequence 
encoding the amino acid sequence of bovine calf prochymosin 
(less the two N-terminal amino acids), a unique Sal I 
restriction endonuclease site located at the 5' end of the 
prochymosin sequence (see Fig* 2), and a unique Bgl I site 
outside of and downstream from the prochymosin sequence. 
In pGx344, codons for the sequence Val-Asp-Gln precede the 
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codon for lie, which is amino acid number 3 of native 
prochymosin. These additional codons are present as the 
result of the insertion of the Sai l linker. 

A repiicable plasmidic- expression vehicle of the 
invention can be produced by inserting the DNA sequence 
encoding the amino acid sequence of activatable prochymosin 
into an expression vector carrying the trpB DNA sequence. 
The insertion can be made at any point within the trpB 
coding region where a convenient site occurs, provided that 
a sufficient amount of the coding region corresponding to 
the H-terminal portion of the^£> subunit remains upstream of 
the insertsd prochymosin coding region to allow efficient 
control of expression by the tryptophan regulatory region 
in the vector. 

It is necessary that the DNA sequence' encoding activa- 
table prochymosin be inserted into the expression vector in* 
such a manner that its reading* frame is in phase with the 
regulatory region and the preceding oligodeoxynucleotides 
encoding the N-terminal fragment of the subunit. 
Accordingly, in one embodiment of the invention, prior to 
insertion of the DNA, sequence encoding the amino acid 
sequence of prochymosin, the expression vector containing 
the trpB region is cleaved .at an endonuclease cleavage site 
upstream cf the insertion site of the prochymosin sequence 
and a synthetic oligodeoxynucleotide sequence is ligated to 
the ends cf the cleavage site. The synthetic oligodeoxy- 
nucleotide has a sequence which serves to keep the reading 
frame of the prochymosin coding sequence in phase for the 
expression cf the amino acid sequence of activatable 
prochymosin. 

The tr?3 coding region into which the DNA sequence 
encoding activatable prochymosin is inserted, contains a 
?vu II site located an base pairs 79-84, and a Hind III 
site located at' base pairs 91-95 (see Fig. 3). We empl yed 
these sites, which are unique within the plasmid pGx2213, 
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as the respective insertion sites for a synthetic oligode- 
oxynucieotide linker and the DNA sequence encoding the 
amino acid sequence of activa table prochymosin. The 
synthetic oligodeoxynucleotide linker is a double stranded 
DNA sequence which can be prepared using known procedures. 
The linker which we employed was a 10-base pair oligo- 
deoxynucleotide in which the coding strand had the 
sequence: 

5* CCA TCG ATG G 3 1 

When the DNA sequence having the synthetic oligodeoxy- 
nucleotide linker and the prochymosin coding region 
inserted therein is expressed, the resultant polypeptide, 
which is capable of undergoing autocatalytic cleavage to 
produce chymosin, comprises a first sequence of amino acid 
residues having the amino acid_ sequence of an N-terminal 
fragment of the subunit; a. second sequence of amino acid 
residues having the amino acid J sequence of activatable 
prochymosin; and a linker sequence — resulting from 
translation of the synthetic oligodeoxynucleotide region — 
which serves to fuse the^ subunit fragment and the prochy- 
mosin amino acid sequence. In a preferred embodiment of 
the invention* plasmid pGx2223 is linearised by digestion 
with ?vu II. Plasmid pGX2223 . is essentially the same as 
pGX2213 that has been deposited at the American Type 
Culture Collection, Sockville, Maryland with accession 
number ATCC 39388, In plasmid pGX2223, the tr?3 and trpA 
DNA sequences downstream from the Hindlll site have been 
replaced with another DNA sequence. The restriction, enzyme 
cleaves the trpB coding region immediately after the 
guanine at position 81 cf the DNA sequence (see Fig, 3). 
Consequently, the region encoding the first 27 amino acid 
residues at the N- terrain us of the j^subunit is preserved* 

The previously mentioned 10-base pair synthetic 
oligcceoxynuclectice is then ligated to the ends of the 



11 



0134662 



linearized plasmid in the presence of ligating enzyme such 
as T4 ligase, resulting in a recircularized plasmid pGX2229 
containing a linker sequence encoding a Cla I restriction 
site located within the trpB coding region just upstream 
from the 5ind III site (see Fig. 4 and Fig. 6). Insertion 
of the linker sequence results in the following amino acid 
sequence which serves to fuse the N-terminal fragment of 
the ksubunit to the activatable prochymosin: 



The recircularized plasmid pG22229 is then digested 
with Einc III, leaving sticky ends. The sticky ends can be 
filled in by treatment with a mixture containing the enzyme 
DNA polymerase I (Klenow fragment)/ deoxyadenosinetri- 
phosphate (dAT?) , deoxy cyt id ine triphosphate (dCT?) , 
deoxyguanosinetriphosphate (dGT?) , and deoxy thymic ine tri- 
phosphate ( dTT? ) . The resultaint linearized plasmid has 
blunt ends. Although Eind indigestion cuts through the 
coding strand immediately after the Arg codon, removing the 
Ser and ?he codons, filling in restores the Ser codon and . 
subsequent fusion with the cleaved Sail sequence in pGX344 
at the 5 ! end of the prochymosin gene, as described below, 
restores the codon for ?he, which replaces the Val residue 
codep by the Sal I linker at the 5' end of the gene for 
activatable prochymosin in pGx344 (see Pig. 5). 

When the plasmid pGx344 is used as the source of the 
activatable prochymosin DNA/ it can be linearized by diges- 
tion with Sal I, leaving sticky ends. The sticky ends can 
be filled in by treatment in the same manner as described 
above with respect to pGx2229, resulting in a linearized 
plasmid with blunt ends. 

A recombinant plasmid between the linearized pGx2229, 
containing the linker insert, and the linearised pGx344 can 
be most easily prepared by a two step ligation procedure* 
The plasmids are first blunt-end ligated at high DNA con- 
centration (e.g., from about 0.2 mg/ml to about 2 mg/ml) to 
form he teropolymers* of the two plasmids with some of the 
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junctions of the desired type. Since pGx2229 and pGx344 
are related plasmids each having a unique Bal I site in the 
ampicillin resistance gene, the polymer is cut with Bgl I 
and then ligated at low DNA concentration (0.01 mg/ml to 
0.001 ng/al) to favor the reformation of plasmid circles. 

When the linearized pGx2229 is ligated to the line- 
arized pGx344, the resultant recombinant plasmid codes for 
a polypeptide consisting of the first 27 amino acids of the 
J2>subunit fused to the amino acid sequence of prochymosin 
(less the first two amino acids of its native sequence) 
through a linker sequence of amino acids. The linker 
sequence of amino acids consists of the aforementioned 
sequence which results from insertion of the Clal linker 
followed by the two amino acids encoded by the residual 
codons from the Sail restriction site 'in pGx344, i.e., the 
amino acid sequence: 

?R0— SER— MET— ALA— GLY^RG-S £R— PHE-AS P-GLN 
■ A replicable expression vehicle of the invention which 
contains a regulatory region feom the clyA gene and' a 
sequence encoding the N— terminal fragment of SHMT (the 
glyA expression product) can be prepared in a manner 
analogous to that described above for the preparation of 
the expression vehicle incorporating the tr?B regulatory 
region. As a suitable source of the DNA sequence compris- 
ing the glyA regulatory region and codons for the SHMT 
fragment, one can employ plasmid pGx!39. A K. aerogenes 
strain (GX1704) transformed by this plasmid has been depos- 
ited with the American Type Culture Collection as ATCC 
39214. This plasmid is similar to pGx2213 r except that it 
is designed to overproduce SHMT, rather than tryptophan 
synthetase. A preferred source of DNA encoding the acti- 
va table prochymosin for use in this construction is plasmid 
pGx34 6. This plasmid is similar to previously described 
pGx344, except that it contains an additional 18 nucleo- 
tides ,. expending into the signal peptide coding region of 
preprochymosin, before insertion of the Sal I site. 
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Fortuitously, pGxl3 9 contains an Xh£ I site within the 
region encoding SHMT which cleaves to produce a sticky end 
which is complementary to the end left by Sal I cleavage at 
the beginning of the act iva table prochymosin gene in 
pGx346. Moreover , Xho I-cleaved pGxl39 can be ligated to 
Sal I-cleaved pGx346 without any disruption in the reading 
frame. Accordingly f pGxl39 and pGx346 can be cleaved and 
recombined to produce a replicable expression vehicle of 
the invention without the necessity of first inserting a 
linker sequence to adjust the. reading frame. 

Suitable host microorganisms are transformed with the 
recombinant plasmids using conventional methods, such as 
treatment in the presence of CaCl2 at 4°C to render the 
cell walls permeable to the recombinant plasmid. Trans- 
formants containing the desired DNA in the proper orienta- 
tion for expression of the polypeptides of the invention • 
can be identified by assaying -"the expression product or by 
immunological detection methods. The desired recombinants 
can also be readily detected by examining the colony mor- 
phology of the transf ormants growing on petri dishes.* 
Chymosin producing transf ormants containing plasmids with 
control elements that result in high level constitutive 
expression (such as the control elements of plasmids 
pGx2213 and pGx!39) produce inclusion bodies within the 
cells. The inclusion bodies give the colonies a more dense 
white appearance that can be readily distinguished from 
colonies that are not producing inclusion bodies. 

The identified transf ormants containing the desired 
DNA sequences can be grown up under fermentation conditions 
for production of the fusion polypeptide. The exact fer- 
mentation conditions utilized are dependent upon the par- 
ticular regulatory region utilized in the recombinant 
plasmid. Plasmid pGx223i (constructed from pGx2213 and 
pGx344) and pGx*2234 (constructed from pGxl39 and pGx346) 
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will produce the polypeptide of the invention constitu- 
tively. 

Preferred host microorganisms for use in the invention 
include species of the genera Escherichia , Klebsiella and 
Salmonella . Particularly preferred microorganisms are 
Ejl coli and aeroaenes . The polypeptide can be recovered 
from the transformant microorganism, either under condi- 
tions which induce the polypeptide of the invention to 
autocatalytically cleave to yield chymosin directly, or 
under conditions which do not result in the cleavage of the 
polypeptide. As it is initially produced, the fusion pro- 
duct is found in the form of highly insoluble inclusion 
bodies within the cell. This material can be purified from 
the majority of the cellular proteins by mechanically dis- 
rupting the cells and collecting the insoluble material by 
centrifugation. If it is desired to recover the product in 
the form of active mature chymosin, the expressed polypep- 
tide- (i.e. the fusion of the terminal fragment of the ^ 
subunit and the activatable prschymosin) is extracted into 
a denaturing solvent such as NaQH, urea or guanicine.' The 
polypeptide is then, renatured by diluting or removing the 
denaturing agent in the solvent. When NaOH is used as the 
denaturing agent, the polypeptide is preferably extracted 
into an NaOH solution at a pH of at least 12.0 and renatur- 
ation is effected by diluting the solution and incubating 
the diluted solution at pH 8.5 to 10.5. When urea or 
guanidine is used as the denaturing agent, renaturation is 
preferably effected by dialyzing the solution to remove the 
urea or guanidine. Following renaturation the pH of the 
solution containing the renatured polypeptide is reduced, 
preferably to below 2.0, which results in conversion of the 
polypeptide to enzymatically active pseudochymosin. The 
active pseudochymosin may be employed directly as an enzyme 
or it may be converted to active mature chymosin by 
elevating the pH of the pseudochymosin solution to between 
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4.0 and 7.0 preferably about 6.0. 

The chymosin, or the fusion product, can be 
purified using known techniques of protein purification, 
e.g., chromatographic techniques such as reverse phase 
5 liquid chromatography , size exclusion chromatography or 
immunoaffinity chromatography % 

The present invention is further illustrated by the 
following examples, which are not intended to be limiting. 

Example I 

10 

Piasmid pGx2223, a close analog of piasaid pGX2213 
(Fig. 1) was linearized by digestion with Pvu II. Pvu II 
and other enzymes used in the Examples were obtained 
commercially and used according to the manufacturer's 
IS specifications. The Pvu II-cub pGx2223 DNA solution was 
extracted with a mixture of phenol-chloroform (1:1) 
saturated with water at pE 8.0. The aqueous layer was made 
0.2M in sodium acetate pH 5.5 and 2.5 volumes of ethanol 
were added. The solution was frozen on dry ice then 
20 centrifuged at 12,000 x G to precipitate the DNA. The 
pellet was dried in vacuo and dissolved in water. The 
extraction and precipitation • procedure above was utilized 
after each enzyme step in all the methods described below. 
The Pvu II-cut pGx2223 DNA was treated with bacterial 
25 alkaline phosphatase. The alkaline phosphatase treated DNA 
(4 pg) was mixed and ligated with 130^ g of ohosphorylated 
Cla I linkar DNA { 5 ' — CCATCGATGG— 3 ' ) in 10 pi for 12 hours 
at 12°C with 1 unit of T4 polynucleotide ligase and 0.5 mM 
ATP. The ligation mixture was passed over a.3io Gel A50M 
30 gel filtration column to remove excess linkers. The 
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pGx2223 DNA was collected in the void vol,™ = £ the column, 
ethanol precipitated as described above and dicested with 
£ia I endonuclease. Some of the DHA <lj, g , ,„ then 
ligated to recirculate in a volume of 200 «1 buffer f or 
12 hours with 1 unit of T4 ligase and 1 «M are tt 12«C 
The ligation aixture was used to transform, E. coli by ' 
conventional techniques and spread onto IB ^dlTTlOg/liter 
tryptone, Sg/liter yeast extract, lOc/lit.r KaCl, tt l 
agar, , with loo ji s/ ml ampicillin. Plasmids vere- screened 
tot the presence of a unique CXa I site. One plasmid was 
chosen and designated pGx2229. 

Plasmid p G x2229 was linearized with Hind III and 
treated with ^ coli DNA polymerase I (Kie^ ts ^ mat) ta 
the presence of dCTP, dGTP and dTTP each at a concen- 

tration of 0.5 « for 1 hour at 12-c. The result was a 
linearizes piasmid with blunt ends. 

Plasaid cGx344, "containing the UNA sequence for pro- 
cbyaos.n less the two N-termin*! amino acids, was digested 
~th Sal I enccnuclease resulting in a linearized alasmid 
with sticxv ends. Afte~ ert-a^,-™ J u " 

=ce - e:et -action and ethanol orecipita- 
tion the DNA was treated w^h DNA r^i™™ " . 

, u • *--a dna polymerase to isake blunt 
enas by the same procedure described for Hind "T. cat 
pGx2229 above. ~~ 

The linearized plastics pGx2229 and pGx244 with blunt 
ends were licated at high concentration by adding 2 ,g of 
each to a 10 ,1 l igation react±on ^ 1 ^ ^ ^ ^ 

and 0.5 « ATP and incubating at 12-C for 12 hoars. After 
extraction and precipitation the ligation mixture was 
digested with Boi i, then x ^ of ^ ^ ^ 

diluted into a 200 K l ligation reaction with 1 unit of T4 
licase, i mM AT? at 12*C for 12 hours. 

£, coli strain Gxl670 (contains a laclcl station, was 
transfor.ee with the ligation mix and plated on L3 with 100 
F9/*l aaoiciiiin. Candidate transforms for containing 
the deseed fusion plasioids were grQwn Qn ^.^.^ 
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Plate tn a grid pattern. A£ter overn . ght 
c ulose Uter was touched to the surface of the put. to 
lUt colonies. The fUter was sprayed with 10 x ' 0 . 

.1- in 0. 2S H Tris P H 8.o and incubated at 20-c"£ >f 

dried The futers were pretreated with TS (10 » Tris p 8 
7.3. 0 9% NaCl, with S% BSA (Bovine serun ^ P« 

treated with rs with BSA p lus rabbit anti-cbyacsin 1 - 

t-«; B d ; ilter was washed «■»» 

X L SOa ' ■» tl -?» bblt >?«« -tibo* that v« coupled 

w-th peroxidase. After washing again with TS, tie c^osin 

zt: c r iains coionies we ~ "«««•* * 

mg/ml 4-chlcro-l-naphtho! in 20% Bethanol with a _ B - 

Alternatively, prochymosin fusion. producinc cclcnies 

loll " " sht frm a diffusea ™- tUT- 

^ £uslon ?rodacing c=loniei a much , K dense 

wh^ appearance than nor.-p ro<3acing colonies. 

ance !"\ °T7 "" ,tifl « a * immunoassay and .ooear- 

ance contained plasmid pG*223i (Fia . 7) . " 

,n 10,^, lieilid mediun in ^- 

- flasic) at 37-C to stationary phase. Cells ve-e 

harvested by centrifugaticn at 500 , G and washed 
water. The ceils were, lysed by sonification and o^- 
fuged The pellet fraction was resuspended in „,t~ Ind 

r;:::^' £j " action and is 

. au ieast 40% P««. Activation cf 

e 1: e ! Ur ; fied fUSi ° n Pr ° te - functional chv*csin can be 

ejected oy the method described above. 



Example II 



c 



Plasmid CGX139 (ATCC 29214) ia similar to oGx2213 
escribed in Pic. 1, except: it is designed to overproduce 
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serine hydroxymethyl transferase (SHMT) rather than trypto- 
phan synthetase. The clyA gene, which codes for SHMT, and 
its regulatory region are inserted in pGxi39 in the same 
relative orientation as the trpBA gene in pGx2213. The 
nucleotide sequence and restriction map of the olyA gene 
are described in Plamann, et al., Nucleic Acids Research , 
11, 2065-2075. Plasmid pGx346 is a close analog of pGx344. 
It' is identical except for the fact that it contains 18 
more nucleotides of the natural chymosin gene before the 
insertion of the Sal I linker. Thus, it has the complete 
code for prochymosin plus four amino acids of the prepro- 

chymosin region. 

Plasmid pGx!39 was digested with Xho'i, which makes a 
unique cut in* the glvA gene. Plasmid pGx346 was digested 
with Sal I, which makes a unique cut at the beginning of 
the chymosin gene. Xho I and .Sal I produce the same sticky 
end, and in this case joining 7the alyA and chymosin frag- 
ments produces a fused gene with a consistent reading frame 
that codes for a protein containing 301 amino acids of SHMT 
fused to the preprochymosin amino acids of ?Gx346. The 
Xho I-cut pGx*139 and Sal I-cut pGx346 (2 .ug of each) were 
ligated in* 10 yi at 12«C with 1 mtt ATP and 1 unit of T4 
ligase for 12 hours. The ligation mixture was phenol- 
chloroform extracted and ethanol precipitated as described 
in Examcle I. In order to form plasmid circles, the DNA 
was digested with Bol I and ligated at low concentration 
(approximately lpg/200 pi reaction volume) as described in 
Example I. The ligation mixture was used to transform^ 
E^_ cpli, strain Gxl670. No special genotype of E^ cpli is 
required for this construction and prochymosin fusion, 
producing colonies were identified as describee in Example 
I. The plasmid in one fusion producing transformant was 
identified as pGx2233. 

Ceils containing plasmid ?Gx2233 were grown in a 
fashion identical to those described for plasmid ?Gx2231 in 
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Example I. The chymosin fusion product again was found to 
be an insoluble material that could be greatly purified by 
centrifugation after cell lysis. Further, this material 
could be activated to functional chymosin using the same 
methods as for the expression product of pGx2231. 

Example III 

The two step ligation procedure described in Examples 
I and II was applied to the construction of another trpB 
prochymosin fusion using pGx2229 described in Example I and 
pGx346 described in. Example II. Some of the same pGx2229 
DNA prepared by Hind III digestion and DNA polymerase 
treatment described in Example I was ligated at high 
concentration to some pGx346 that had been mace blunt ended 
with DNA polymerase after Sal I digestion (2 of each DNA- 
in a 10 \Jl reaction volume as ."described in Example I). The 
DNA was extracted, precipitated and digested with Bel I 
before ligation at low concentration. The ligation mixture 
was used to transform coli Gxl570, and chymosin fusion 
producing colonies were identified as described in Example' 
I. The plasmid from one positive colony was identified as 
pGx2232. Cells containing pGx2232 were grown in an 
identical fashion to cells with pGx2231. The prochymosin 
fusion material was again found to be in an insoluble state 
that facilitates purification and is capable of beina 
activated to functional chymosin. 

When an identical construction to those described in 
Examples I and II was prepared with plasmid pGx323 as the 
prochymosin donor, insoluble fusion material was produced, 
but it could only be marginally activated into functional 
prochymosin. The chymosin DNA in pGx323 is 76 bases 
shorter than pGx344 and 94 bases shorter than the DNA in 
pGx346. Although this structure still has the cede for 15 
amino acids of the natural prochymosin presequencs, only a 
marginal amount of functional chymosin is obtained by self 
processing with the. product of this construction. 



CLAIMS: 



- 20 r 



0134662 



1. A polypeptide which is capable of undergoing 
autocatalytic cleavage to produce chymosin which 
comprises: 

(a) a first sequence of amino acid residues 
having the amino acid sequence of an N-terminal frag- 
ment of the subunit of tryptophan synthetase or of 
a N-terminal fragment of serine fcydroxymethyltransf erase. 

(Id) a second sequence of amino acid residues 
having the amino acid sequence of activa table 
prochymosin; and 

(c) a linker sequence which serves to fuse said 
first and second sequences at the carooxy terminus of 
said first sequence and the N-terminus of said second 
sequence. 

2. A polypeptide as claimed in claim 1, wherein, the- 
N-terminal fragment of the J£> subunit of tryptophan synthe- 
tase, in the polypeptide has the amino acid sequence 

Met-Thr-Thr-Leu-Leu-Asn-?ro-Tyx-?he-Gly- 
Glu-?he-Gly-Gly-ttet-Tyr-Vai-Pro-Glu-Ile- 
Leu-Met-?ro-Ala-Leu-Arg-Glu 

3. A polypeptide as claimed in claim 2, wherein the 
linker sequence which -fuses the J5 subunit fragment to the 
amino acid sequence of prochymosin has the sequence 

?ro-Ser-Met-Ala-Gly-Arg-Ser-?he-Asp-Gln 

4. A replicabie plasmidic expression vehicle for 
expressing a polypeptide , which polypeptide is capable of 
undergoing autocatalytic cleavage to produce chymosin, 
comprising: 

(a) a replicon; 

(b) a regulatory region which is capable of 
directing expression of a gene selected from • 

tm3 and clyA in a host micro organism; and 
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(c) a DNA sequence, operably linked to said regu- 
latory region, comprising a sequence which encodes the 
amino acid sequence of an N-terminal fragment of: 

(i) the subunit of tryptophan synthetase, 
when the regulatory region is one which* is 
capable of directing expression of trr;3 ; or 

(ii) serine hydroxyme thy transferase, when 
the regulatory region is one which is capable of 
directing expression of olvA, 
said N-terminal fragment being fused to the amino acid 
sequence of activatable prochymosin. 

5. A replicable plasmidic expression vehicle as 
claimed in claim 4, wherein the regulatory recicn is one 
which directs expression of the trjsB gen e and the DNA 
sequence operably linked thereto encodes the N-terminal ' 
fragment of the subunit of tryptophan synthetase. 

6. A replicable plasmidic expression vehicle as 
claimed in claim 5, wherein the- sequence enccdinc the 
N-terminal fragment of the subunit of tryptophan synthe- 
tase is linked to the sequence encoding activa table orochy- 
mosm through a linker sequence which serves to keeo" the 
reading frame of the prochymosin-enccdinc secuence "in phase 
with the regulatory region and sequence encocinc the 
N-terminal fragment of the subunit of tryptophan 
synthetase. 

7. a replicable plasmidic expression vehicle as 
claimed in claim 6 which is ?Gx2231. 

8. A replicable plasmidic expression vehicle as 
claimed in claim 4, wherein the regulatory recicn is one 
wnxch directs expression of the olvA gene and the DNA 
sequence operably linked thereto encodes an N-terminal 
fragment of serine hydrcxymethyltransf erase . 

9. a cransformant micoorganism for the exDrassion of 
a polypeptide, which polypeptide is capable of undergoing 
autocatalytic cleavage to produce chymosin, said micro- 
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organism being transformed by the replicable plasmidic 
expression vehicle of claim 4. 

10. A transformant microorganism for the expression 
of a polypeptide, which polypeptide is capable of under- 
going autocatalytic cleavage to produce chymes in, said 
microorganism being transformed by the replicable plasmidic 
expression vehicle of claim 5. 

11. A transformant microorganism for the expression 
of a polypeptide, which polypeptide is capable of under- 
going autocatalytic cleavage .to produce chymosiin, said 
microorganism being transformed by the replicable plasmidic 
expression vehicle of claim 6» 

12. A transformant as claimed in claim 9, wherein 
the replicable plasmidic expression vehicle is the plasmid 

pGx2231. # 

13. A transformant microorganism fcr the expression • 

of a polypeptide, which polypeptide is capable of under- 
going autocatalytic cleavage to. produce chymosin, said 
microorganism being transformed; by the replicable plasmidic 
expression vehicle of claim 8. 

14. A method of producing a polypeptide which is 
capable of undergoing autocatalytic cleavage to produce 
chymosin which comprises: 

(a) growing up a transformant microorganism as 

'claimed in claim 9; 

(b) subjecting the microorganism to conditions 
which initiate expression of the polypeptide which is 
under the control of the regulatory region which 
directs expression of the trpB or glyA fragment; and 

(c) recovering the polypeptide. 

15. A method as claimed in claim 14, wherein the 
transformant is transformed with a replicable plasmidic 
expression vehicle as claimed in claim 5. 
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16. A method as claimed in claim 14, wherein the 
transfonnant microorganism has been transformed by the 
plasmid pGx2231. 

18. A method of producing a replicable expression 
5 vehicle for the production of a polypeptide, which polypep- 
tide is capable of undergoing autocatalytic cleavage to 
produce chymosin, comprising: 

(a) providing a replicable vector containing a 
regulatory sequence which directs expression in a host 
10 microorganism, of a DNA sequence selected from trpB 

and clvA, said regulatory sequence being operably 
linked to a DNA sequence encoding the amine acid 
sequence of: 

(i) the £>subunit of tryptophan synthetase, 
15 when the regulatory region is one which is 

capable of directing expression of tr?3 ; or 

(ii) serine hydroxymethyl transferase, when 
the regulatory region, is one which is capable of 
directing expression ht giyA ; 
20 (s) cleaving said vector at an enccnuclease 

cleavage site located within the sequence encoding the 
amine acid sequence of the jg suburiit or serine hydrox- 
ymethyl transferase ; and 

(c) inserting into the cleavage site a DNA 
25 sequence containing a sequence of deoxynucleotides 

encoding the amino acid sequence of bovine calf pro- 
chyracs in, the reading frame of the deoxynucleotides 
encoding the bovine calf prochymosin being in-phase 
with respect to the regulatory sequence and the pre- 
ceding portion of the DNA sequence encoding the j> sub- 
unit or serine hydroxymethyl transferase to direct 
expression of a polypeptide comprising prochymosin 
fused to an N- terminal fragment of the^£ 'suhunit or 
serine hydroxyraethyltransf erase . 



30 



24 0134662 

19. A method as claimed in claim 18 wherein said 
vector is a plasmid. 

20. A method as claimed in claim 18, wherein, prior 
insertion of said DNA sequence encoding the amino acid 
sequence of prochymosin, the plasmid vector is cleaved at 
endonuclease cleavage site within the trpB sequence 
upstream of the insertion site of the prochymosin coding 
sequence and a synthetic deoxynucleotide is ligated to the 
ends of the cleavage site,, said synthetic deoxyoligonucleo- 
tide having a sequence which serves to keep the reading 
frame of the prochymosin coding sequence in phase for the 
expression of the amino acid sequence of prochymosin. 

21. A method as claimed in claim 20 f wherein said 
synthetic deoxyoligonucleotide is ligated to the Pvu II 
cleavage site within the trpB sequence and the prochymosin 
coding sequence is inserted at the Hind III sits within the 
trpB sequence. - 

22. A method as claimed in claim 21 , wherein the 
coding strand of the synthetic ^deoxyoligonucleotide has the 
sequence 

5' CCA TCG ATG G 3 T 

23. A polypeptide, capable of undergoing autocata- 
lytic cleavage to produce chymosin, which comprises: 

(a) a first " sequence of amino acid residues 
having the amino, acid sequence of an N-terminal frag- 

• merit of serine hydroxymethyltransf erase ; and 

(b) a second sequence of amino acid residues 
having the amino acid sequence of activatable prochy- 
mosin; said sequences being joined at the carboxy 
terminus of the first, sequence and the N-terminus of 
the second seauence. 
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